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ABSTRACT 

We present new extinction maps and high-resolution Paschen-alpha images of G-0.02-0.07, a com- 
plex of compact HII regions located adjacent to the M-0.02-0.07 giant molecular cloud, 6 parsecs in 
projection from the center of the Galaxy. These HII regions, which lie in projection just outside the 
boundary of the Sgr A East supernova remnant, represent one of the most recent episodes of star 
formation in the central parsecs of the Galaxy. The 1.87 /im extinctions of regions A, B and C are 
almost identical, approximately 1.5 magnitudes. Region D, in contrast, has a peak extinction of Ai.sy 
2.3 magnitudes. Adopting the Nishiyama et al. (2008) extinction law, we find these extinctions 
correspond to visual extinctions of Ay = 44.5 and Ay = 70. The similar and uniform extinctions of 
regions A, B and C are consistent with that expected for foreground extinction in the direction of the 
Galactic center, suggesting that they lie at the front side of the M-G.02-0.07 molecular cloud. Region 
D is more compact, has a higher extinction and is thus suspected to be younger and embedded in a 
dense core in a compressed ridge on the western edge of this cloud. 
Subject headings: HII regions, UCHII, Galactic Center 



1. INTRODUCTION 

G-0.02-0.07 is a group of 4 HII regions (three compact 
and one ultracompact) in the Galactic center (hereafter 
GC) which lie ~ 6 parsecs in projection from the central 
supermassive black hole. Individually, the regions are 
also identified as Sgr A- A through Sgr A-D, as they were 
first identified in radio images of the Sgr A complex of 
ionized gas surrounding S gr A*, the radio c ounterpart 



0.02-0.07, the nearby 50 km cloud. The HII regions 
appear to lie along a spatially coincident dense ridge of 
the M-0.02 - 0.07 c loud, denoted the "molecular ridge" by 
iCoil &: Hoi (|2000[ ). which shows evidence of interaction 
with the Sgr A East supernova remnant ( Serabyn et aL 
199a lYusef-Zadeh et al1ll996HSiouwerman fc Pihlstrom 



of the central black hole (jEkers et aT1ll983f ). All four 
HII regions are projected to lie along the edge of the 
Sgr A East supernova remnant (see Figure [1]) which lies 
between these regions and Sgr A*. 
Several studies have been made of the G-0.02-0.07 com- 

S ilex, both in rad i o continuum and recombination lines 
Ekers et al.llT98l IGoss et al.llMl. as w ell as in mid in- 
frared fine structure lines ( Serabvn et al.11 1992'. he reafter 
S92), including the recent work of lYus cf-Zadch et ahl 
(|2010f ). These observations have shown that the regions 
are consistent with each being ionized by a single late 
0-type star. The radial velocities of all four HII regions 
have also been measured to be very similar, ranging from 
43 to 49 km s^^ , indicating that these regions are kine- 
matically associated both with each other, and with M- 

lmillsb@astro.ucla.edul 



20081) ■ Despite the suggestive arrangement of the HII 
regions along the periph ery of Sgr A East, estim ates of 
its age (10^ - lO'' vears: lFrver et al.i r2006: Mczgcr et all 
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119891 ) suggest that the star formation event that pro- 
duced the G-0.02-0.07 complex predates the explosion, 
as the lifetimes of ultracompact HII regions, precursors 
to compact HII regions, ar e believed to span 10^ years 
(jWood fc Churchwelll [19891) . In particular, region D, 
likely the youngest of the four, has a minimum age of 
at least a few times 10^ years, estimated from the mass 
loss rate of the central star, and th e expansion rate of 
the nebula (jYusef-Zadeh et al.ll20ldl ). 

Although these regions are thus unlikely to be an ex- 
ample of supernova-triggered star formation, they are 
valuable to study not only as the closest episode of 
recent (within 0.1 — 1 Myrs) massive star formation 
to the center of the Galaxy, but also as one of very 
few examples of recent massive star formation in the 
central hundred parsecs. The central hundred parsecs 
of the galaxy are estimated to have a star formation 
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rate of at least 0.05 Mfnyr"^ (lGustenlll989D and l ikely 
higher ()Yusef-Zadeh et al.ll200alSchuller et al.ll2005D . are 
host to three youn g star clusters with initial masses in - 
excess of 10^ Mq (jFiger eTall [Tool iFiger et all [200l 
iSchodel et alll2009[ ). a nd at least 4 x 10^ so lar masses 
of molecular material ()Launhardt et al.]|2002[ ). However 
the G-0.02-0.07 complex of HII regions is one of the few 
regions (along with a single compact HII region in the 
nearby cloud M-0. 13-0.08 and a comp lex of HII region s 
in the -30 km/s cloud; iHo et al.lllQSllZhao et al.lll993[ ). 
of apparent massive star formation associated with the 
massive but largely quiescent giant molecular clouds in- 
terior (R < 120 pc) to the active star formation regions 
Sgr B2 and Sgr C. 

We have used a combination of new infrared data and 
archival radio data to study these HII regions in greater 
detail, and to better determine their location and re- 
lationship with the M-0. 02-0. 07 cloud and Sgr A East 
remnant. In this paper we present high resolution (0".2) 
images of this complex obtained with HST-NICMOS in 
the 1.87 /im Paschen a (hereafter Pa ) line, showing the 
fine filamentary structures and unusual morphologies of 
these regions in new detail. We also present the first 
maps of the extinction structure within the G-0.02-0.07 
HII regions, made from a comparison of the Pa and 8.4 
GHz radio data, at arcsecond resolution. Finally, we 
compare our extinction measurements and morphologi- 
cal study of these regions with recent measurements of 
their gas dynamics, and discuss unusual features of two 
of the HII regions, regions A and D, in more detail. 

2. OBSERVATIONS AND DATA REDUCTION 

Two main data sets were analyzed for this paper: an 
emission line map of the near-infrared Pa (n = 4-3) re- 
combination transition of hydrogen, and 8.4 GHz data 
obtained from the archives of the Very Large Array ra- 
dio interferometer in New Mexico. 

2.1. NICMOS Paschen a Observations 

The Pa emission line map of the G-0.02-0.07 region 
(Figure [2|) is part of a larger s urvey of the i nner 39^ by 
15' of the Galaxy in this line ( Wang et al.ll2010l ) using 
data from 144 orbits of the Hubble Space Telescope be- 
tween February and June 2008. Observations were made 
with the NIC3 camera in both the F187N and F190N nar- 
rowband (1% bandpass) filters, one of which is centered 
on the Pa line at 1.87 /im, and the other centered on the 
nearby continuum at 1.90 /im. The native pixel size of 
NIC3 at these wavelengths is ^ 0.2 arcsec^, which leads 
to an undersampled PSF. The images were dithered to 
achieve a sub-pixel resolution of 0".2 (0".l pixels). The 
resulting sensitivity of these images is 0.13 mJy arcsec~^. 
The data reduction and the mosaicking process used to 
make the map of the survey region is described in more 
detail in a separate paper (Dong et al. 2011). 

2.1.1. Continuum Subtraction 

In order to produce a map of pure Pa line emission, 
it is necessary to remove the primarily stellar continuum 
emission also observed in the filter. In principle, this is 
accomplished with duplicate observations in a neighbor- 
ing narrowband filter sampling only the continuum (in 
this case, separated by 3000 km/s, which is sufficient to 



ensure there is no Doppler shifting of line emission into 
the continuum filter), and differencing the two images. 
However, the ratio of continuum emission in the two fil- 
ters depends on both the spectral type of the star, and 
to a greater extent, the local extinction, which is highly 
variable toward the GC. In comparison to the reddening 
from the high extinction toward the GC, the former effect 
is negligible here. To take the effects of extinction into 
account, an adaptive F187N/F190N ratio is calculated 
over the map: the colors of the nearest 101 stars are av- 
eraged in 0".4 by 0".4 boxes. The majority of these stars 
are assumed to lie at the distance of the GC. However, 
where the stars are too few, due to attenuation by dense 
molecular clouds, and cannot be generally assumed to 
be located at the d istance of the GC, the extinction map 
of Schulthe is et al.l (2009) is used to determine the ratio. 
Additional details of this process are discussed in Dong 
et al., (2011). 

2.1.2. Flux Calibration 

After we flat-field the data and remove the instrumen- 
tal background, we transform them to an absolute flux 
scale by applying a standard conversion factor from ADU 
s~^ to Jy, obtained via observations of two principle cal- 
ibration stars, which is assumed valid for all NIC3 data. 
Since the Pa images are pure line emission, their natu- 
ral unit is line flux per pixel, or erg cm~^ s~^ pixel"^. 
To convert the Pa images to units of line flux per pixel, 
we then multiply the flux densi ty per pixel in Jy by the 
width of the F190N fllter, as in lScoville eFall (|2003[ ). 

2.2. Archival VLA Data 

We obtained radio continuum data of the G-0.02-0.07 
HII regions from the archive of the Very Large Array 
(VLA) Radio Telescope of the National Radio Astron- 
omy Observatory Q. The observations were made dur- 
ing 1991-1992 in three array conflgurations (D, C and 
A/B (antenna move time)) and the integration time on 
source was ^1 hour in each array conflguration. The 
field of view of these observations is centered on RA, 
DEC (J2000): (17^ 45'" 51. 7^ -28 59' 23.7"), which is 
~6" to the NE of region A. These data were taken in 
standard continuum mode (four IFs, 50 MHz per IF). 

2.2.1. Calibration and Imaging 

The data from the D,C and A/B configurations were 
calibrated using the standard AIPS software packages of 
the NRAO. The data were combined and images using 
IMAGR, and self-calibrated using Sgr A* as a reference 
source. The resulting final image has an RMS noise of 
0.2 mjy/beam, and a dynamic range of 1300. The angu- 
lar resolution of this image was 1.5"x 0".8, PA = -4.78 
degrees. The overall noise was ~10 times the theoreti- 
cal expectation for a point source, which is reasonable, 
given the complicated source structure, and the presence 
of the bright (^^20 Jy), extended structure of Sgr A East 
and West at the edge of the beam. The final image does, 
however, display a low-level pattern of linear artifacts, or 
striping, running from southwest to northeast, the origin 

^ The National Radio Astronomy Observatory is a facility of 
the National Science Foundation operated under cooperative agree- 
ment by Associated Universities, Inc. 
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of which could not be identified in the UV data. This 
structure is faint enough not to affect our analysis. 

The D-array data contribute many short spacings to 
the (u,v) coverage; the shortest spacing in the (u,v) data 
used to make the final images is 0.75 kilolambda. At 8.4 
GHz, this should lead to sensitivity to structures with 
sizes less than 5'. 6. The largest (north-south) extent of 
G-0.02-0.07 is only f and thus we are satisfied that there 
should be no flux missing from our measurements of these 
regions beyond the smooth synchrotron background of 
the GC. 

3. HII REGION PROPERTIES FROM RADIO AND Pa 

The Pa images offer an unprecedented look at the de- 
tailed morphologies of this group of compact HII regions. 
At an as sumed distance o f approximately th at of Sgr A*, 
(8.4 kpc: lReid et"aIll200llGhez et al.|[2008l) . the angular 
resolution of 0".2 corresponds to a spatial resolution of 
0.008 pc (~1600 AU), higher resolution than any exist- 
ing radio studies of these HII regions. The resolution of 
the Pa images allows us to identify new structures in- 
cluding knots, filaments, diffuse ridges, and the detailed 
shape of the boundaries of these HII regions. An image of 
the entire complex is shown in Figure [21 with a logarith- 
mic stretch in order to emphasize the diffuse structure of 
these regions. 

3.1. Regions A,B, and C 

Regions Sgr A-A, Sgr A-B, and Sgr A-C (hereafter A, 

B, and C) have similar sizes 10 arcsec or 0.4 pc in 
diameter), and exhibit shell-like morphologies in various 
stages of disruption. Region A is the brightest, as well 
as the most extended. It has a semicircular shell shape 
which appears open on the western edge, where there is 
an unusual series of roughly parallel linear features which 
decrease in brightness toward the west of the HII regions. 
The natur e of these features is discussed in more detail 
in Section 15.31 On the northeast edge of this region, 
at approximately the ten o'clock position (see Figure O 
right) there also appears to be a dark lane separating the 
main shell from a slight extension. We discuss the nature 
of this feature further in Section 15.21 

Region B is the faintest of the three, and has a com- 
plete, albeit faint, shell morphology which can be seen in 
Figure [2] Its circular shape suggests that it is still em- 
bedded on all sides in the natal cloud, or is being viewed 
from a different angle than A and C. Like regions A and 

C, the eastern side of this shell appears brightest, thick- 
est, and has the best defined edge. 

Region C has a larger opening angle than region A, 
and the shell appears discontinuous on the northern and 
southern edges. The nature of the western edge of region 
C is unclear; possibly it is part of the original bound- 
ary of the region, or alternatively it may be that the 
star responsible for ionizing region C is also ionizing an- 
other, nearby cloud front. In addition to these prominent 
features, there is a faint larger-scale ridge of diffuse Pa 
emission that can be traced in Figure [2] from the south- 
east edge of region C, where its shell appears to end dis- 
continuously, several parsecs toward the northeast. This 
faint emission appears to trace the surface of the M-0.02- 
0.07 cloud as seen in 450 micron continuum images from 
lPierce-Price"eFaII f|2000.) (Figure H. 



3.2. Region D 

Sgr A-D (hereafter D) is the most compact region. 
With a size of 0.06 pc (RA) x 0.2 pc (dec), this region 
is at the upper end of the distribution of ultra-compact 
HII (UCHII ) region sizes, whi ch typically have sizes less 
than 0.1 pc ((Churchwellll200^ . 

The 8.4 GHz flux we measure for D is very different 
than that recently measured for this HII region using the 
same data set (Yusef-Zadeh et_al. 20l3). They find the 
total flux for both peaks of this region combined to be 60 
± 4 mJy, whereas we find a flux of 105 ±15 mJy. We are 
satisfied our measurements of region D do not resolve out 
any of its flux, and further note that our result is much 
more consistent with the expected flat spectrum of an 
HII region at radio frequencies, given the published 14 
GHz and 5 GHz fluxes for this HII region (see Tabled]). 

The Pa morphology of region D is irregular. There are 
two bright peaks which are slightly north-south asym- 
metric, each peak appearing to have a tail of emission ex- 
tending toward the south. The peaks appear composed 
of several clumps, although these clumps are near the 
limits of the spatial resolution of the Pa observations. 
The two peaks are separated by an apparent void of Pa 
emission, similar to that seen on the northeast edge of 
region A. The nature of this void is discussed further in 
Section O 

3.3. New Radio Sources 

In producing the radio images, we discovered two new 
radio sources in the field of view (see Figure [TJ . One 
source, GO. 008-0. 07, is extended in the 8.4 GHz im- 
ages, and has a morphologically similar counterpart in 
the Pa data. In the Pa image (Figure [2]), the radio 
source appears to consist of two regions of diffuse emis- 
sion surrounding several brighter compact knots. The 
other radio source, G-0.04-0.12, is a faint, compact re- 
gion of emission which lies just outside the boundary of 
the area surveyed in Pa . However, it appears to have a 
faint counterpart in 24 ju m images of the Galactic plane 
(|Yusef-Zadeh et al]|2009[ ). suggesting the radio emission 
to be thermal in nature. 

3.4. HII Region Properties 

As the radio data are not affected by extinction, we 
use them to determine the physical properties of the HII 
regions. Traditionally, HII region parameters are deter- 
mined by as suming the geometry of a uniform-density 
sphere (e.g.. iMezger fc Henderson! 119671 ). This geome- 
try predicts a peak in emission at the center of the HII 
region, and is a good approximation for unresolved HII 
regions, or partially-resolved HII regions such as region 
D. 

However, the larger HII regions A, B, and C are re- 
solved and exhibit an edge-brightened morphology in- 
consistent with this geometry. We found that assuming 
the geometry of a uniform sphere for these HII regions in- 
flated their radii, thereby diluting the measured electron 
density, as well as overestimating the mass of ionized gas. 

We instead determined parameters of the HII regions 
A, B, and C by modeling them as shells of uniform den- 
sity, adjusting the outer radius and thickness of the shell 
to fit the observed HII region profiles. Our method of 
fitting a shell model is still a rough approximation of the 



4 



HII region parameters, in fact, we expect a density gradi- 
ent through the shell, with the highest density occurring 
at the ionization front. However, more detailed models 
are not warranted by the present data set. 

To determine a representative radial profile for each 
shell, we azimuthally average the intensity of each shell 
(in Jy/beam) over the angles where the shell is most 
continuous, which are indicated by the shaded regions in 
Figure |4l This simple model (given by Equation [Ta| can 
then be fit to the averaged profile in order to solve for 
the parameters of each HII region, which are reported in 
Table [T] The intensity of emission from the shell as a 
function of position is given by: 



I. = 1680 (<7//)Te 
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Here L(p) is the path length through the HII region at 
projected offset p from the center, R is the outer radius 
of the shell, and t is the thickness of the shell as a fraction 
of R. 

The emission measure is given by L(p)n^, and the mass 
of ionized gas in the the HII region can be calculated 
by multiplying the RMS electron density by the volume 
of the shell section used to compute the radial profile 
(the shaded area in Figure 2]). The calculated masses 
only account for the mass of this shaded portion of the 
HII region; there is also some emission outside of the 
modeled area which is not accounted for, and if corrected 
for would lead to an increase in the total Mhii . We 
can estimate the magnitude of this correction from the 
percentage of the total HII region flux outside of the 
modeled area, which is 17% of the flux for region A, 4% 
for region B, and 30 % for region C. 

The Lyman continuum flux required to ionize each 
nebula, which yields the spectral type of the star pri- 
marily responsible for the ionization, is largely indepen- 
dent of the geometry assumed, depending only upon the 
distance to the HII regions and the flux and tempera- 
ture for each (Rubin 1968). The temperature s are taken 
from t he recombination line measurements of iGoss et al.l 
(|1985l ). The stellar types we derive for the dominant ion- 
izing source in each nebula (07- 09) are con s istent with 
those previously determined by IGoss et all (|1985D and 
S92, who both concluded the HII regions were each con- 
sistent with being ionized by a single O star. 

Although the radio data allow us to determine the 
spectral type of the stars ionizing each HII region, the 
ionizing source of each nebula remains unidentifled. Nei- 
ther A,B, nor C have a detectable associated emission 
line stellar counterpart in the Pa map. It is also not 
possible to uniquely identify a central star or stars re- 
sponsible for ionizing any of these nebulae against the 
stellar background in the 1.90 fim continuum images. 
Each of these HII regions has several dozen stars inside 
of its boundary, and if the HII regions are indeed stellar 
wind bowshocks, as suggested in a recent interpretatio n 
of their kinematic structure (jYusef-Zadeh et aTl 120101 ) . 
then the primary ionizing source may be offset from the 
geometric center of the nebula. N ear-infrared integra l 
field spectroscopy of these regions ijCotera et al.l 119991) 
indicates there are three stars which may be potential 



ionizing sources for regions A,B and C. They have spec- 
tra devoid of strong emission or absorption features, and 
thus could be main sequence O stars, however no follow- 
up work has been done to verify their nature. The only 
emission line star we see in this area in our Pa images 
is a previously identified Wolf -Rayet star to the north- 
west of region A (see Figure I^ ICotera et al.llT999t) . This 
star appears not to be related to these HII regions, as we 
see no evidence of the expected ionization front were it 
neighboring the M-0.02-0.07 cloud. 

4. EXTINCTION FROM THE PASCHEN a AND RADIO 
CONTINUUM DATA 

4.1. Calculating the Extinction 

Together, the 8.4 GHz radio continuum maps and Pa 
images can be used to determine the extinction toward 
each HII region. Although the emission mechanisms are 
different, the Pa and the radio emission trace the same 
ionized gas component, and the intensity of both is pro- 
portional to the square of the electron density. The free- 
free radio emission suffers little or no extinction, whereas 
the Pa emission will be significantly reduced by extinc- 
tion. By comparing the observed flux density ratio be- 
tween the radio and the Pa to the theoretical expecta- 
tion, we can then determine by what factor the Pa emis- 
sion has been reduced, and thus find the dust extinction 
at 1.87 /im toward these regions along the line o f sight. 

Following the calculations of iScoville et al.l ([2003), 
hereafter S03, who similarly derive the extinction from 
NICMOS Pa observations and 5 GHz continuum ob- 
servations, we estimate the expected flux per pixel for 
both Pa and the 8 .4 GHz continuum, using Table 4 from 
lOsterbrockl (fl989l) . 

Assuming case B recombination, and in the event of 
zero attenuation, the intrinsic flux in the Pa line, per 
pixel, is given by: 



Fp„ = 6.4 



TejK) 

6000 



.87 



n^n„la 

^^Jy Hz 



(2) 



Here, and Up are the electron and proton densities, 
/ is the path length in the ionized gas, a is the projected 
area of a pixel on the sky, d is the distance, and Te is the 
electron temperature, values of which have been previ- 
ously calculated for G-0.02-0.07 using H92a recombina- 
tion line measurements and assuming LTE (jGoss et al.l 
[19851 see Table p. 

The flux density per pixel of the radio continuum emis- 
sion can be similarly expressed: 



Sff = 4.2 X 10" 
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All of the input variables here are assumed to have 
the same values as for the Pa emission, although the 
temperature dependence is different. As a result, the 
intrinsic ratio of the Pa line flux to the radio free-free 
flux density can be expressed as: 



Pa 



= 1.5 X 10 



13 



-.52 



Hz (4) 



Sff V 6000 J V5GHz/ 

The factor by which the observed ratio of Pa to 8.4 



5 



GHz emission is reduced compared the theoretical ex- 
pectation yields the 1.87 /im extinction. 

4.2. The Choice of Extinction Law 

To calculate the extinction in more standard visual 
magnitudes or Ay, an extinction law must be as- 
sumed. We adopt the near-infrared extinction law of 
iNishiyama et al.l ()2008[ ). which has been widely used for 
recent GC studies. This law is specific to the particu- 
lar properties of dust and molecular clouds toward the 
GC and has a ^ A^^'^® power law form. Applying 
this law yields Ah /Ay = 0.108 and Aks/Av^ 0.062. 
The Pa line (1.87 /im) lies between the H (1.6 fim) 
and K (2.2 /im) bands, and we fit a power law equa- 
tion A\/Av = 0.29A~^-^^ to these values to determine 
Apa/ Ay The resulting equation to determine Ay from 
our 8.4 GHz flux density (S //) and Pa flux measurements 
is as follows: 



Ay = 30.4 X log 



{Fpa/Sff)i 



observed 



(5) 



This law gives significa ntly different results than the 
law of iRieke &: Lebofskvl ([l985) which was previously 
the standard for G C work, and was used by, e.g., 
iScoville et all (I2003D in their Pa study of Sgr A West. 



Adopting the lRieke fc Lebofe kv (198^ law would change 
the constant in Equation ([5]) from 30.4 to 18.1, and 
thus would make our measured extinctions substantially 
lower. We discuss the comparison of our results with pre- 
vious extinctions measured using the iRieke fc Lebofskvi 
(|1985D law further in section [^3] 

4.3. Constructing the Extinction Map 

The steps to make an extinction map include align- 
ing the 8.4 GHz radio and Pa maps, matching the pix- 
elization (0".15 pixels) and smoothing the Pa map to 
the resolution of the radio CLEAN beam (1".85 x 0.6") 
with AIPS tasks HGEOM and CONVL. In the process 
we found that the Pa and 8.4 GHz images were offset 
by 1".2 in right ascension, and so after smoothing the 
Pa image we performed a normalized cross-correlation 
of the diffuse emission in the two images in IDL with the 
procedure CORREL.OPTIMIZE to find the translation 
that resulted in optimal alignment. Even though the Pa 
may be affected by non-uniform local extinction, we still 
expect that the radio and Pa images will trace the same 
structure in these HII regions, and so this should yield 
the proper alignment of the two maps. There are no point 
sources other than Sgr A* in the radio image to compare, 
however the positions of stars in the Pa survey images 
with known SiO masers have been compared to the cata- 
log of lReid et al.l (|2007l ). and the astrometric uncertainty 
for all the Pa images is measured to be ^ 0.05"(Dong et 
al. 2011). This suggests that the majority of the offset 
originates in the radio reference frame. The radio frame 
was then corrected to match the Pa data, the Pa image 
was divided by the radio image, and Equation ([5]) was 
applied so that the pixel values represent the local value 
of Ay. 

Before constructing the final map, the radio map was 
also clipped to the 3 a level to eliminate any extra- 
neous peaks in the background noise. Other apparent 



extinction peaks may still occur where there are over- 
subtracted stars in the Pa images. 

The extinction has a slight dependence on temperature 
(Equation |4]) , an d as temperatures for each HII region 
were measured by lGoss et al.l ()1985[ ). this was taken into 
account for the extinction values we calculate for each 
individual HII region. However, this effect is small: for 
example, lowering the temperature of region D by 2000 
K results in only a 4% change in the median extinction 
measured for that source. 

4.4. Measured Extinctions 

The extinction maps which we derive, shown in Figure 
[5l are the first measurements of the extinction structure 
across these regions. These maps are, however, limited in 
that they only contain information for areas with emis- 
sion from ionized gas. Unphysical extinction values could 
also result from nonthermal radio emission, such as that 
from the supernova remnant Sgr A East. However, Sgr A 
East is sufficiently separated from the HII regions that 
it does not appear in our figures, and should not bias 
the results presented here. Due to the substantial differ- 
ence in the visual extinctions calculated using different 
extinction laws, we report in Table [5] the 1.87 micron 
extinction, which is not affected by the choice of extinc- 
t ion law, in add ition to the Ay we calculate using the 
iNishivama et all (120081 ) law. To measure the extinction 
toward each HII region, we calculate the median of all 
pixels in our map from each HII region. We report the 
median extinction toward each individual HII region in 
Tabled 

4.4.1. Regions A, B, and C 

The median extinction values measured for regions 
A,B, and C are all around Ay=44.6, and the maximum 
values are similar as well, about Av = 52. Some parts 
of these regions, such as the westernmost ionized ridge 
of region A, and the diffuse interior of region C, are too 
faint to appear above the noise level in the 8.4 GHz map, 
and so there is no extinction information for these areas. 
The extinction measured across each HII region is rela- 
tively uniform, varying locally by 3-4 magnitudes. We 
also observe that the maxima in extinction for regions A 
and B are located near their apparent mutual boundary, 
on the southern edge of region A, and on the northern 
edge of region B. 

The center of the 8.4 GHz image of region C is some- 
what affected by the previously mentioned background 
striping artifacts of the radio data, leading to enhanced 
emission in its center which appears as a slight peak in 
the extinction map in this region. As a result, the ex- 
tinction values at the center of region C should not be 
considered reliable. 

4.4.2. Region D 

As region D is mostly unresolved at the resolution of 
our extinction map, we report only the maximum val- 
ues of the extinction toward Dl (the eastern peak of the 
HII region) and D2 (the western peak). These values are 
Ay = 69.1 and Ay = 70.5, respectively, which is almost 
20 magnitudes additional extinction than the maximum 
extinction measured for regions A, B and C. Comparing 
the extinction map of region D to the radio and Pa maps 
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(Figure ^ , we see that the eastern peak in the extinc- 
tion map is shghtly offset from the peak of Dl in the Pa 
emission. We measure the area between Dl and D2 to 
have a minimum extinction of Ay = 65.6. However, as 
the two peaks of region D are not fully resolved in the 
radio image or the resulting extinction map, this extinc- 
tion value is likely not representative of what appears to 
be a void in the ionized gas emission in both the radio 
and Pa images, and instead most likely results from the 
overlapping PSFs of the two point-like peaks Dl and D2. 
On the northern edge of region D is a diffuse extension 
that appears only in the 8.4 GHz images, likely because 
it is too faint or extinguished to appear in Paschen al- 
pha. We find the lower limit of the extinction toward 
this structure to be Ay = 60.7 magnitudes. 

5. DISCUSSION 

5.1. Comparison with existing extinction results 

Average extinctions have been previously measured for 
the individual HII regions in the Sgr A Ea st complex at 
12.8 microns (S92), and using Brackett-7 (jCotera et al.l 
I2OOOI hereafter COO). S92 derived approximate extinc- 
tion values for each of the HII regions at 12.8 fj,m from 
fractional ionic abundances of Ne, S, and Ar measured 
from mid-infared fine structure lines. Our results are 
consistent with their findings that region D suffers sub- 
stantially higher extinction than the other three regions. 
They conclude that regions A-C are located at the front 
edge of the cloud, with D more embedded. Although our 
results are qualitatively the same, it is difficult to more 
quantitatively compare our val ues. The recently d eter- 
mincd GC extinction law of Nis hivama et al.l ()2009f) cov- 
ers infrared wavelengths up to 8.0 /im, and although it 
shows the mid-IR extinction law to be quite flat, the ex- 
tinction curve immediately beyond 8 /im is known to rise 
sharply due to the wide 10 /im silicon bump. Using the 
Nishiyama law, the median Ay values measured toward 
A,B, and C ( all ~ 44.6 magnitudes) correspond to 8 /im 
extinctions that are comparable to the 12.8 /im extinc- 
tions estimated by S92 (see Table [2]). However, the peak 
extinction we measure toward region D corresponds to an 
8 fiui extinction substantially less than that S92 report 
at 12.8 /im. 

Our Pa -derived extinctions are consistent with 
extinctions calculated in a similar manner by COO 
using Br 7 imaging alon g with 6 cm data from 
lYusef-Zadeh fc Morrisi (| 19871 1. Using J, H, and K' colors, 
COO also determined a median stellar extinction (here- 
after MSE) along the line-of-sight toward the HII regions 
with 1' resolution. They found that the MSE was con- 
sistently higher than the HII region extinctions, leaving 
open the possibility that regions A, B, and C are located 
in the foreground of the GC. However, it is important to 
remember that the MSE and the HII region extinctions 
can sample a fundamentally different volume. The Br 
7/radio extinction measures all of the extinction along 
the direct line of sight to a given HII region while the 
MSE, in contrast, is derived from the colors of stars which 
may be distributed in front, behind, or around the HII re- 
gion in question. Thus, if the cloud is not totally opaque 
(and therefore some stars with large extinctions can be 
observed behind the cloud) , the MSE can be larger than 
the extinction measured toward the HII regions even if 



the HII regions are also located at the GC . 

We also compar e the extinctions we d erive with the 
extinction map of iSchultheis et all ()2009D . which is the 
most recent large-scale map (2°xl.4°) of GC MSE, con- 
structed using Spitzer-IRAC mid-infrared colors of long- 
period variables. This map, however, has very low resolu- 
tion, with pixel sizes of 2' on a side. In the four pixels of 
the m ap which overlap the HII regions, ISchultheis et al.l 
(|2009| ) measure extinctions of Ay = 26,32,46, and 48. 
As these pixels are very large compared to the size of 
the HII regions and even compared to the M-0.02-0.07 
cloud, we interpret these values as global averages, bi- 
ased by the filling fraction of cloud in each pixel. Even 
in the two pixels which have the highest extinction and 
overlap the largest portions of the molecular cloud, the 
measured extinction values likely significantly underesti- 
mate the extinctions present in the small-scale substruc- 
ture or densest cores of the cloud. We thus interpret our 
extinction values as consistent with regions A-C being 
at a similar distance as this cloud, though likely in front 
of it due to the uniformity of extinction across the three 
regions, and region D being embedded in an especially 
dense core of the cloud. 

The median extinction values we found for regions A- 
C (Ay = 44.6) correspond t o extinctions of Ay = 26 , 
if we use the extinction law of iRieke fc Lebofskvl ()1985D . 
This is similar, though slight ly lower tha n the extinction 
values measured by Scovillc et al.l (|2003| ) for Sgr A West 
using the same law, which vary from Ay — 20 to 50, 
with a median value of Ay ~ 31. As Sgr A West is 
not significantly occulted by either the M-0.02-0.07 or 
M-0. 13-0.08 molecular clouds, its extinction should be 
due as well to the foreground screen from intervening 
spiral arms. The higher median extinction observed in 
that direction, relative to that observed toward the G- 
0.02-0.07 HII regions, may be partly due to the fact that 
Sgr A West suffers somewhat higher extinction on its 
periphery due to the surrounding c ircumnuclear disk of 
molecular gas (jScoville et al.l [20 031) . which likely biases 
the median value upward. 

In summary, our results agree with those of S92, con- 
firming that the extinction toward A-C is consistent with 
a location at the GC, but is sufficiently low and uniform 
toward these regions that it is not consistent with sig- 
nificant local attenuation from M-0.02-0.07. The higher 
and non-uniform extinction of D, in contrast, suggests it 
is embedded in a dense core of the M-0.02-0.07 cloud. 

5.2. The Nature of Region D 

lYusef-Zadeh et al] (|2010D recently examined the kine- 
matic structure of region D using mid-infrared spec- 
troscopy of the Ne II line. They found that the two 
peaks of region D have very different velocities, with the 
eastern peak appearing redshifted, and the western peak 
appearing blueshifted, both by ^ 30 km s~^ with re- 
spect to the ambient cloud velocity. The authors argue 
that this kinematic structure, as well as the observed 
width of the No II line emission, are best described by a 
coUimated outflow or jet from the central star which is 
impacting a surrounding, evacuated cavity. Based on the 
observed velocity shifts, the western edge of the disk is 
tipped toward us, with an estimated disk position angle 
of 70°. 

Our observations largely support this model, though 
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we disagree on a few points. We interpret the continuum 
source seen in the 1.87 and 1.90 /xm images (Figure [7]) as 
more hkely to be a star than continuum emission from the 
western peak of region D or scat tered hght. The source 
was found by ICotera et al.l (jl999[ ) to have a stehar spec- 
trum and an H-K' color of 3.5, which with our adopted 
extinction law corresponds roughly to an extinction of 
Ay = 76, very similar to the peak extinction of region 
D. It is thus very likely that this star is the source of 
the ionization of region D. The ionizing source for region 
D is then much more offset from the ce ntroid of the Hll 
region than implied by the model of lYusef-Zadeh et al.l 
(|2010D in their Figure 9, lying just to the southeast of 
t he western Pa peak (our Figure [H Left). 

ICotera et al.l ()1999[ ) also suggest that this star is a B [e] 
type star based on the detection of weak He 1 and Br 7 
line emission in its spectrum. With the higher spatial res- 
olution of the Pq data, we do not resolve significant line 
emission coming from the stellar point sour ce (see Figure 
[p Lef t). It is likely that the spectrum from ICotera et ahl 
()1999() resulted from a superposition of nebular emission 
lines from the UCHll region and the stellar continuum 
from this star. 

The strongest evidence for a disk in region D from 
our data is the apparent void of radio and Pa emission 
between the the two peaks of region D , a dark lane 
running north-south through its center in both radio and 
Pa images. We suggest that this dark lane represents 
a region of largely neutral gas which has been shielded 
from the ionizing radiation of the central star by the disk 
(see Figure Absent a disk, one might expect to see 
a more continuous spherical shell of ionization around 
the star. Although our extinction map does not clearly 
identify a peak of extinction at or around the ionizing 
star corresponding to this disk, this is not inconsistent 
with the presence of a dense disk. We can explain the lack 
of significant extinction detected toward this disk if the 
disk is small, and thus unresolved by our observations, 
or if the disk does not occult significant ionized emission 
along the line of sight, in which case we would have no 
information on the extinction toward the neutral gas, 
including the disk, along the line of sight of the disk. 
An example sightline for which this would be the case is 
shown in Figure [S] 

We concur with lYusef-Zadeh et al.l (|2010[ ) that the 
asymmetry of the emission from region D, with the 
blueshifted emission arising much closer to the central 
star than the redshifted emission, is almost certainly due 
to the Hll region being embedded in a density gradi- 
ent (see Figure [S]). The extinction measured toward the 
eastern peak of D is slightly lower than that measured 
toward the western peak, and the Pa emission falls off 
much more steeply on the western edge of D, suggest- 
ing a more steeply increasing column density gradient in 
that direction. This increase in column density corre- 
sponds to the location of the dense western ridge of the 
M-0.02-0.07 cloud, located between the Hll regions and 
Sgr A East (see Figure [3]) . Indeed, a comparison of the 
position of region D to higher resolution observations of 
dense gas traced by ammo nia (1,1) emission in the west- 
ern ridge (|Coil fc H0II2OOOI) shows that region D appears 
to lie on the eastern edge of a dense core (see Figure ITU)) . 
Based on its extinction, region D is likely embedded in 
or behind this core. 



A structure reminiscent of region D is also seen on 
the northeast edge of region A (Figure |9]) . A protrusion 
of emission is separated from the main shell of region 
A by another apparently dark lane, exhibiting a lack of 
emission in both Pa and 8.4 GHz images. This protru- 
sion of emission is also r esolved in the Ne 11 spectra of 
lYusef-Zadeh et ahl ()201C1[ ). but appears not to have the 
same kinematic structure as region D: emission on each 
side of the dark lane appears to have the same radial ve- 
locity. It is still possible that this structure, like region 
D, is a young massive disk, with the dark lane corre- 
sponding to the shadow of the disk, but either it has 
no collimated outflows, or we are observing this system 
closer to edge-on. Like region D, a star is visible slightly 
offset from the center of the d ark lane. The star is vis- 
ible in near-infrared images of ICotera etaP |2000) and 
appears similar in color to the star in region D, though 
no value for its H-K' color is reported. 

To verify the presence of a disk in regions A and D, one 
could observe these regions at high spatial-resolution in 
the millimeter and radio regimes to search for warm dust 
or molecular gas in the disk, or even free-free emission 
from the surface of the disk. Higher resolution spectra of 
the stars in regions A and D could also help determine 
whether their properties are consistent with extremely 
young, massive stars. 

5.3. The Ionized Ridges of Region A 

To the southwest of region A lie three roughly linear 
ionized ridges with increasing separation from the open- 
ing of the Hll region (Figures [21 [TT|) . While it is pos- 
sible that these ridges could be pre-existing structures 
that are being illuminated as the central star of region A 
passes nearby, their unusual alignment with each other 
and with the opening of region A suggests a closer re- 
lationship. We interpret them as most likely to be the 
interaction between an ionized flow from inside region A 
and the diffuse surrounding ISM. These limb-brightened 
shells would pro pagate outward at t he sou nd speed. If, 
as suggested by lYusef-Zadeh et al.l ()2010D . region A is 
moving both to the east and toward us, then we should 
be able to see a difference in velocity between the radial 
velocities of region A and the expanding shells. However, 
the magnitude of such a velocity difference would be the 
sound speed 10 km s~^) projected along the line of 
sight, and for motion 20 to 30 degrees out of the plane of 
the sky would correspond to a velocity difference of only 
3 to 5 km s~^. In Figure 8 (Left) of lYusef-Zadeh et ahl 
(|2010( ). two of the ridges are seen to have radial veloc- 
ities around ~ 50 km s"""^, similar to the mean radial 
velocity of the Hll region, and of the ambient medium 
of the M-0.02-0.07 cloud. The data show no evidence for 
a velocity difference between region A and the ridges of 
greater than 5 km s~^, but the data lack the velocity 
resolution to conclusively determine whether a smaller 
velocity shift is present. 

Alternatively, it is possible these structures could be 
due to an instability flrst proposed for the case of 
old planetary nebulae passing through a magnetized 
ISM, essentially a magnetic Ray leigh- Taylo r instability 
lI Dgani fc Sokerl [19981 ISoker fc Dganil IT997I) . As post- 
shock material cools isothermally, it is subject to a mag- 
netic Ray leigh- Taylor instability, stabilized in the direc- 
tion perpendicular to the magnetic field, leading to a 



8 



density pattern of ridges in the ISM behind the HII re- 
gion, parahel to the ambient magnetic field. Ahhough 
the inferred velocity of the central star of region A (30 
km s~^. lYusef-Zadeh et al.|[20 10') is slower than the min- 
imum estimated bv lSoker fc Dganil (|1997[ ) for significant 
instabilities to develop (40 km s~^), the warm, dense ISM 
of the GC combined with the likely prese nce of a strong 
perva sive magnetic field (50 - 100 ^Gauss. lCrocker et alj 
are both factors that should be conducive to the 
development of such instabilities. However, it is un- 
clear why similar instabilities would not also be seen to 
be associated with regions B and C, which are believed 
to be have the same ste llar wind bowshock kinematics 
(lYusef-Zadeh et aLllMol) . 

Higher spectral-resolution observations as well as more 
sensitive observations of the faint ionized gas in these 
ridgelike features are necessary to determine whether the 
ridges of region A have kinematics consistent with shells 
propagating outward at the sound speed. In addition, if 
the ionizing sources for these HII regions were identified, 
measuring the radial velocities of the stars could test the 
possibility that the ridges are due to a magnetohydrody- 
namic instability. 

5.4. Locating the HII Regions 

Measurements of consistent radial velocities for the G- 
0.02-0.07 HII region complex and the M-0.02-0.07 cloud 
(S92) have established that the two structures are associ- 
ated. However, it is less clear where in the cloud the HII 
regions lie. From their CS maps of dense gas in the cloud, 
S92 divide it into two main structures: an eastern qui- 
escent lobe, lying predominantly to the north of G-0.02- 
0.07 (the eastern region of 450 /xm emission in Figure 
[3]), and a western dense ridge (Figures [3] and ITO)) of gas 
showing evidence for strong large scale shocks traced by 
vibrationally excited H2 (Yuscf-Zadch et al. 2001) and 
1720 MHz OH masers (Yuscf-Zadch et all 11996 ) result- 
ing from an apparent interaction with the supernova rem- 
nant Sgr A East (Figure [31 in green) . The HII regions 
appear to lie between the two cloud structures, but their 
arrangement follows the western ridge, and the eastern 
periphery of Sgr A East. 

The Pa images and extinction maps presented in this 
paper provide some additional insight into the location 
of the individual HII regions in G-0.02-0.07 with respect 
to Sgr A East and the two components of M-0.02-0.07. 
Previous extinction measurements for region A indicated 
that it was in front of M-0.02-0.07; however, as seen in 
Figures [3] and [TUl the main body of this HII region and 
the dense gas in this cloud do not significantly overlap, 
which suggests the extinction for the bulk of this region 
would be low even if behind the western ridge. Our ex- 
tinction map, which provides extinction values for the 
first time for the faint ionized ridges to the west of re- 
gion A, shows the extinctions of those ionized ridges to 
be consistent with that for the rest of the region A, and 
does not show any evidence for an extinction gradient 
across the region, as might be expected if the ionized 
ridges were behind the western ridge of M-0.02-0.07. As- 
suming these ridges are associated with region A, as their 
morphology suggests, this places region A in front of the 
western ridge of M-0.02-0.07. As observations of OH ab- 
sorption indicate that the western ridge of M-0.02-0.07 



lies in from of Sgr A East (jKarlsson et al.|[2003[ ). region 
A must also then lie in front of Sgr A East. 

Given the high extinction toward region D, and radio 
properties and compact morphology which are all con- 
sistent with a young UCHII region still embedded in its 
natal cloud, we believe that region D is located in the 
western ridge of M-0.02-0.07. This is consistent with the 
previously noted apparent close association between re- 
gion D and a peak in ammonia (1,1) emission in the ridge. 
If region D is embedded in the western ridge, we would 
expect to see OH absorption from the cloud against the 
continuum emission from this region, a s is seen where 
M-0.0 2-0.07 lies in front of Sgr A Ea st (jKarlsson et al.l 
l2003f ). However. iKarlsson et al.l ()2003D report no absorp- 
tion for any of the G-0.02-0.07 regions. Examining their 
Figure 5, however, we do see evidence for some weak ab- 
sorption (at 10-20 mJy or the 2-4 a level) toward the 
location of region D in velocity channels 32.4 and 41.2 
km/s. As region D is unresolved by the observations of 
IKarlsson et al.l (|2003[ ). the absorption may also be some- 
what diluted over the beam size. Furthermore, the HII 
regions appear to lie in an oversubtracted bowl feature 
in these maps, which may lead to missing flux for region 
D. The combination of these effects may explain the rel- 
atively weak OH absorption measured bv IKarlsson et ahl 
((2OOI toward region D, suggesting that the OH mea- 
surements may not be inconsistent with our finding that 
region D is embedded in or behind M-0.02-0.07. 

6. SUMMARY 

We have presented new high-resolution maps of the G- 
0.02-0.07 HII regions in the Pa line and have produced 
extinction maps of these regions using a combination of 
the Pa maps and archival radio data. The morphologies 
of these regions and the extinction we measure toward 
them confirm that they are located in front of, but near 
to, the M-0.02-0.07 cloud, with region D likely embedded 
in the dense western ridge of this cloud. In addition, we 
find that the uniform extinction across region A requires 
it to be entirely in front of the dense western ridge of the 
M-0.02-0.07 cloud. 

We interpret the series of ionized ridges located to the 
west of region A as most likely to be a succession of 
limb-brightened shells resulting from shocks produced as 
a thermal wind from the HII region interacts with diffuse, 
ambient gas . 

Region D is interpreted as containing a small, opaque 
disk which shields the neutral gas from ionization by the 
central star, forming a dark lane which appears to bisect 
the HII region in both radio and Pa images. We explain 
the lack of a measured extinction maximum in this dark 
lane as being most likely due to the absence of ionized 
gas along the line of sight of this dark lane. 
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TABLE 1 
HII Region Parameters 



Region 


A 


B 


C 


D 


8.4 GHz Flux Density (mjy) 


550 ± 75 


175 ± 44 


180 ± 50 


105 ± 15 


Radius (pc) 


0.22 


0.22 


0.20 


0.03 


Electron Density (cm '^J 


5100 


3600 


4100 


21000 


Emission Measure (pc cm~®) 


6.8e6 


3.4e6 


4.0e6 


3.1e7 


Mass in HII (Mq) 


2.2 


0.8 


0.4 


0.1 


Lyman Continuum Flux ( s~^) 


4.8e48 


1.3e48 


1.6e48 


8.1e47 


Ionizing Spectrum'' 


07 


08.5 


08.5 


09 


Temperature'' (K) 
14.7 GHz Flux Density,^ (mJy) 
5 GHz Flux Densitj^ (mJy) 
1.5 GHz Flux Density^ (mJy) 


5800 
570 ± 20 
812 ± 100 
380 ± 80 


6600 
173 ± 20 
166 ± 40 
103 ± 17 


5300 
245 ± 20 
196 ± 40 
108 ± 20 


7400 
95 ± 15 
130 ± 15 
45 ± 7 



Estimated from 'Martin s et al.l II2005I ') 
^ From Goss et al. (1985) 
" From iEkers et al.. 119831") 



TABLE 2 
HII Region Extinctions 



Region A B C Dl D2 



1.46 1.47 

1.71 1.69 2.27 2.32 

0.13 0.11 

107 120 



_^Median Av 44.6 44.5 44.7 

_^Maximum Av 51.9 52.1 51.5 69.1 70.5 

Standard Deviation 3.2 3.9 3.4 — — 



_^Median Ag^m 1.1 1.1 1.1 1.82_^ 1.85^ 

^SerTbyn et al. Ai2.8Mm 1-0 1.1 1.3 3.3~ 3.3™ 



Calculated using the extinction law of INishivama et al.' f2008') 
^ Calculated using the extinction law of Nishiyama et al. (2009) 

For region D, the maximum extinction was calculated instead of the median 
<i From lSerabvn et al.l ([1991 ') 



Median Ai.sTMm 1.47 

Maximum Ai ariim 1.71 

Standard Deviation 0.11 

Area (□") 185 
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Fig. 1. — 8.4 GHz image showing the G-0.02-0.07 HII regions (A,B,C and D), the Sgr A East supernova remnant, and the Sgr A West 
complex of ionized gas surrounding the bright point source Sgr A*, the Galaxy's central supermassive black hole. Also shown are two 
previously unknown radio sources, GO.008-0.07 and G-0.04-0.12. In this image, North is up, and East is to the Left. 
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56 54 52 

Right Ascension (J2000) 



Fig. 2. — Left: Pa image showing a view of the G-0.02-0.07 HII regions (from top to bottom: A,B,C and D) and their surroundings, 
including a bright emission line star located to the northwest of region A. A ridge of emission can be seen, which appears to emanate from 
region C, and extend up to the northeast. Visible in the box to the upper left is the newly discovered HII region GO. 008-0. 07. Right: An 
enlarged view of the G-0.02-0.07 HII regions, the focus of this paper, with a stretch chosen to enhance the various filamentary features 
visible in the Pa image. Regions A through D are individually labeled, as are several features of interest, including a dark lane separating 
region A from a slight extension to the northeast, and a series of filaments extending outward from the West side of region A. 
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Fig . 3. — Composite image of Pa in blue, VLA 1.4 GHz data in green I ILane et al.ll2010l) . and SCUBA 450 microns l lPierce-Price et al.l 
12000) in red. The main structures traced by Pa emission (blue) are the G-0.02-0.07 HII regions at middle left, and Sgr A West at lower 
right. The 1.4 GHz image (green) also traces these structures, but most prominent at 1.4 GHz is Sgr A East, the large shell of nonthermal 
emission that borders G-0.02-0.07 and appears to enclose Sgr A West. The 450 micron image (red) traces an entirely different component, 
the dense cool dust that corresponds to some of the densest parts of M-0.02-0.07, the 50 km/s molecular cloud, in which the HII regions 
appear embedded. At the bottom of the image, part of M-0. 13-0.08, the 20 km/s cloud, can also be seen. 
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Fic. 4. — Top: Projected shells (with outer radius size indicated for each shell) arc superposed on the 8.44 GHz images used to fit 
shell parameters. Bottom; Azimuthally-averaged radial profiles for each HII region are shown (solid lines). A shell model of the emission 
measure (dotted lines) is fit to each HII region, from which the electron density can be derived. 
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Right ascension 



Fig. 5. — Map of the extinction toward the HII regions G-0.02-0.07 derived from a comparison between Pa and 8.4 GHz continuum 
data. The resolution of the map is the same as the 8.4 GHz data, or 1.5 x 0.8 arcseconds. The contours represent the flux density of the 
smoothed Pa emission. The lowest contour has a values of 0.5 mjy per arcsec"^, and the contours are spaced by 0.8 mjy per arcsec"^. 
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17:45:51.8 51.7 51.6 51.5 51.4 51.8 51.7 51.6 51.5 51.4 51.8 51.7 51.6 51.5 51.4 

Right Ascension (J2000) 

Fig. 6. — Detail maps of the structure of region D in pure Paschen alpha line emission, with contours of flux density (Left) and extinction 
(Center) overlaid. For comparison, the 8.4 GHz image of region D is also shown (Right). On the Left, the flux density contours have a 
logarithmic spacing, with the lowest contour having a value of 0.5 mjy per arcsec"^, and the highest having a value of 3 mjy per arcsec"^. 
The cross marks the position of the star seen in Figure[7] In the Center, the lowest and highest extinction contours correspond to values of 
= 50 and 70, respectively, with a contour spacing of 2.5 magnitudes. On the Right, the contours on the radio image are logarithmically 
space, with the lowest contour corresponding to a flux density of 0.5 mjy and the highest corresponding to 20 mjy. 
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Fig. 7. — A comparison of the emission toward region D from the F187N and F190N filters. Slightly offset from the center of region D is a 
point source ( indicated in both images with a cross) which has a F187N/F190 N ratio c o nsis tent with being purely stellar continuum, with 
no excess emission from the Pa line. This point source was identified by Cote ra et al.l l|199 9;) as having a stellar spectrum, and classified 
as a B[e] star (although this is not confirmed by our lack of detection of a Pa excess). They found the star to be highly reddened (H-K' 
= 3.5), which corresponds to an extinction consistent with that which we measure toward region D, consistent with it being embedded in 
this region. 
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Fig. 8. — A model of the disk structure of region D. In this model, the disk at the center is small, and does not occult ionized emission 
along the line of sight, consistent with the lack of a high extinction value measured toward the location of the disk. We explain the dark 
lane visible in radio and Pa images which divides the two peaks of region D as due to disk absorption of ionizing radiation from the star. 
The dark lane represents a region of largely neutral gas which has been shielded from the ionizing radiation of the central star by the disk. 
The dominant source of the radio and Pa emission is the ionized surface of cavities evacuated by an outflow from the central disk. The 
edge of the western cavity appears to be located closer to the ionizing star, suggesting this cavity is smaller. This can be explained if region 
D is embedded in a density gradient which is increasing to the west. 
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Fig. 9. — A comparison of the emission toward the northeast extension of region A from the F187N filter, the pure Pa line image, and 
the 8.4 GHz radio image, from left to right. An emission-free lane is seen separating the main shell of region A from a slight extension at 
the 10 o'clock position. Like region D, there is a star apparently located slightly offset from the center of this lane ( its location indicated 
in all images with an arrow). The apparent Pa excess at the position of this star is at has the same intensity as the emission from the 
surrounding nebula, and is likely an artifact due to the difficulty of subtracting stellar emission in the pre sence of a diffuse background. 
No counterpart to the apparent Pa excess at the position of this star is seen in the radio image. In images of lCoter~et al.i t200Q '). this star 
appears highly reddened, but its H-K' color is not given. 




Right Ascension (B1950) 

Fig. 10. — Superposition of Ammonia (1,1) contours l lCoil & Holl200Cl . magnification of their Figure 6, Left) and Pa emission, showing 
the apparent association of region D (indicated with a star) with a dense core in the western ridge of M-0.02-0.07. Region D appears to be 
immediately adjacent to a steep gradient in the ammonia emission from the core. 
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Fig. 11. — A magnification of the ionized ridges lying to the southwest of region A. The faint fine that intersects region B at a 45 degree 
angle is an artifa<;t from the edge of one of the mosaicked subimages used to construct this map. 



